Osteoporotic fractures have been rising and are a cause of severe morbidity and mortality. Care gaps exist in osteoporosis treatment and diagnosis, which presents an opportunity for education. A number of healthcare systems in the world have developed a fracture liaison service (FLS) to combat osteoporotic fractures. The Rheumatology division at Loma Linda University Health (LLUH) developed an FLS not only to address osteoporosis care gaps but to also develop a new educational model. An interdisciplinary model of osteoporosis care has been implemented along with a revamp of educational focus on osteoporosis and bone health in the rheumatology fellowship and internal medicine residency. Pre-LLUH FLS studies showed that 85% of patients pre-fracture were never screened nor treated for osteoporosis; post-fracture, only 10% of patients were treated, and only 6% had dual x-ray absorptiometry (DXA). Notably, 30% had a prior fracture. We discuss how the FLS has served as a catalyst for education, not only at our academic center but also as an outreach for our community in order to elevate the care of osteoporosis in our community.
The osteoporosis care gap
Osteoporosis is a common skeletal disorder defined by low bone mass that predisposes individuals to fracture, leading to significant societal burden. Over 200 million people worldwide suffer from osteoporosis with an estimated cost of $16 billion annually in the USA, on par with breast cancer spending [1] [2] [3] . These rates are expected to rise to 3 million and $25 billion, respectively, by 2025 [4] . The diagnosis and treatment rates of osteoporosis have lagged behind those of breast cancer screening (72.7%) [5] . Osteoporosis is not only costly, it is also deadly. The mortality rate after a hip fracture is 79%, with up to half of those patients succumbing after just 1 year [6, 7] . Despite this, few patients are properly treated after their initial osteoporotic fracture. Fewer than 30% of postmenopausal women and less than 10% of men receive treatment after a fracture, a significant care gap [8, 9] . By comparison, the rate of beta blocker treatment after a myocardial infarction is Part of the Topical Collection entitled 'Empowering Medical Education to Transform: Learnings from an international perspective' 84.4% [5] . Unfortunately, the risk of subsequent fracture in patients who have sustained a first fracture is 40-60% [10] .
Similar to global and national trends, our system discovered a similar care gap, prompting development of a Fracture Liaison Service (FLS). While the FLS has primarily served to address a dire clinical need in our community, the FLS has also proven to provide a means to provide trainees hands-on experience in quality improvement. Within the context of sound educational theory, trainees learn to effect system and cultural change. While the FLS improves the quality of care provided to patients, it also improves the quality of medical education for students, residents, and fellows.
Bridging the gap: the Fracture Liaison Service
The Fracture Liaison Service (FLS) has been established as a measure to increase the diagnosis and treatment rates of osteoporosis and to educate healthcare providers and patients, alike. It is a secondary prevention measure that aims to capture patients coming into a hospital with a fragility fracture by connecting them as part of transition of care to the outpatient resources available for long-term osteoporosis treatment. The Geisinger Health System (GHS, Danville, Pennsylvania, USA) FLS under Dr. Eric Newman and Dr. Thomas Olenginski was established by the Division of Rheumatology in 1996 and has successfully decreased hip fracture rates, increased the number of patients who receive a bone densitometry or dual-energy Xray absorptiometry (DXA) scan, and increased the number of patients who received treatment [11] . Kaiser Permanente (KP) Southern California's Healthy Bones Program under Dr. Richard O'Dell was developed in 2001 with similar successes [12] . The Glasgow Fracture Liaison Service in Scotland, developed in 1999, increased treatment rates for post-fracture patients in a cost-effective manner [13] . The Division of Rheumatology at Loma Linda University Health (LLUH), Loma Linda, California, USA drew inspiration from these examples when laying the groundwork, including its functions and processes, for its own FLS in 2016 (Fig. 1) . One of the goals of the LLUH FLS is to identify clinical risk factors of secondary causes of osteoporosis. This is accomplished through a thorough history, physical exam, and laboratory testing. Another goal is to educate the patient and patient's family regarding the nature of the fracture, discuss risk factors for osteoporosis, and present the opportunity to follow up in the osteoporosis clinic for treatment. Many FLS patients, despite having sustained fracture, are surprised to learn they have osteoporosis themselves. Through a clinic coordinator, an outpatient follow-up in the osteoporosis clinic is scheduled, where therapeutic options can be discussed after the initial recovery from the fracture has occurred. Establishing care with specialized clinics in rheumatology and endocrinology redresses a well-established deficiency of primary care management of the disease [15] .
Steps toward change: clinical and educational contexts
Effecting change is an uphill battle, especially when it involves well-ingrained processes. Buy-in from stakeholders, persistence, and providing practical and immediate solutions are keys. It was recognized early on, in contrast to other FLS frameworks, that the interdisciplinary nature with participation from endocrinology, geriatrics, and orthopedic surgery was key to making the LLUH FLS a success. The changes that have taken place have been over a considerable amount of time, and the steps taken were deliberate and painstaking, yet collaborative and inclusive in nature. In its infancy, many short Plan-DoStudy-Act (PDSA) cycles were implemented in order to increase the effectiveness of the service [16] (Fig. 2) . The PDSA cycle, which is endorsed by the Agency for Healthcare Research and Quality (AHRQ), is a means for implementing and accelerating quality improvement, and is a means to test change in an action-oriented way.
Similar to GHS, the LLUH FLS was conceived in an academic healthcare setting, and its establishment was merged with activities that involved trainees and other medical providers. Steps in initiating and maintaining the FLS engaged trainees in this systems-based practice improvement effort, and have without a doubt factored into the success of the LLUH FLS.
Steps to a solution
Setting up the framework for a system level improvement involves multiple stakeholders and steps stemming from identifying areas of need to implementing solutions where the most benefit can be reaped. In addition, there are unexpected benefits to setting up such a framework. In the case of LLUH, it involved a complementary improvement to medical education.
Identifying the problem
Prior to implementation of the service, a gap in care was identified and quantified. The area of need was discovered when faculty from the Department of Orthopedic Surgery and Division of Rheumatology observed that patients with prior fragility fractures were re-fracturing, without having been initiated on osteoporosis treatment by primary care providers. Specialty clinics in osteoporosis, endocrinology, and rheumatology were also difficult to access due to lack of physician staffing and infrastructure.
Establishing objective data for our health system entailed health care quality research led by rheumatology faculty, internal medicine residents, and medical students. Rates of osteoporosis fracture and subsequent treatment were analyzed. Studies showed only 8.9% of patients who presented with a fragility fracture between September 2015 and February 2017 at the LLU Medical Center received osteoporotic treatment prior to the fracture; and only 10.3% received treatment after the fracture. Of the fractures analyzed, about 30% were a re-fracture event [17] .
Prevention of fragility fractures is best accomplished by evaluating for osteoporosis prior to a fracture via a screening DXA scan. However, the screening and treatment rates for osteoporosis remain inadequate [18] [19] [20] . There has been a decrease in the number of facilities offering DXA screenings as well a decrease in DXA technicians [21] . Stagnant Medicare reimbursement rates for DXA services are partly to blame for these issues, apart from an overall decrease in DXAs ordered by primary care providers in general [21] . The same challenges were noted by our Internal Medicine Faculty Medical Office/Internal Medicine Department DXA unit. Care for an osteoporotic fracture requires a multidisciplinary team including nurses, radiologists, surgeons, pharmacists, and allied health professionals such as physical therapists, occupational therapists, and dieticians.
The first step in the process starts with a referral either by orthopedic surgery or hospital medicine while patients are hospitalized for a fragility fracture. The patients are set up for outpatient DXA scan if appropriate. Patients are triaged for follow-up either with rheumatology or endocrinology 4-6 weeks after discharge (depending on insurance, patients are booked for appointments either at the Faculty Medical Offices of Loma Linda, CA, or at the SAC Health System, which is a Federally Qualified Health Center (FQHC) in San Bernardino, California) [14] (NOF) with the support of the Department of Orthopedic Surgery.
Integrating the FLS In order to incorporate the FLS in the health system operations itself, it was vital to identify key hospital and clinic operations personnel. Meetings with electronic medical record information technology and access/call center personnel aimed to design and implement an inpatient Osteoporosis/FLS order set occurred in tandem to meetings with clinic administration to set up clinic templates and logistics. With these in place, when a fragility fracture case is admitted to the hospital, the admitting hospitalist, consulting orthopedic surgeon, or consulting neurosurgeon place a consult to the FLS service. This patient is then added to the consult list for the rheumatology service and the patient is typically seen within 24 h.
Stakeholder buy-in, awareness campaign Recognizing that osteoporosis as a condition represents problems for patients with different or overlapping medical issues, it was important to identify key departments and faculty that were involved in the care of patients being admitted with fragility fractures. At the beginning of the project, rheumatology faculty met with various faculty and residents from Endocrinology, Orthopedic Surgery, Neurosurgery, Family Medicine, Urology, Oncology, Physical Medicine and Rehabilitation, the Outpatient Rehabilitation Center, Hospitalist Medicine, and Internal Medicine to establish buy-in for the scope of the problem, as well as inquire about barriers to providing osteoporosis screening and treatment. These meetings laid the groundwork for introduction of the concept of an FLS. An Osteoporosis Clinical Work Group was established between endocrinology, geriatrics, and orthopedic surgery to facilitate initiation and support of an FLS. Meetings were held with administrators and physicians with administrative roles in the medical center, the faculty medical group, and the medical staff association to advocate for the need to increase the number of rheumatologists and endocrinologists, and to fortify infrastructure for expansion of osteoporosis clinics into Endocrinology and Rheumatology schedules. Collaboration with endocrinology established the need to assign patients to either rheumatology or endocrinology based on the presence of comorbidities and other risk factors. For example, patients whose fracture was largely due to steroid use, or had a diagnosed or suspected rheumatic disease were assigned to rheumatology osteoporosis clinics; whereas patients with an identified endocrine disorder predisposing to osteoporosis such as a thyroid disorder, diabetes, hyperparathyroidism, and hypogonadism were liaised in endocrinology osteoporosis clinics.
Curricular change-rheumatology fellowship The rheumatology fellowship curriculum was modified to include once monthly conferences with faculty from geriatrics and endocrinology to discuss key issues in the management of osteoporosis in different populations with varied clinical conditions, including appraising guidelines set forth by the NOF, ISCD, American College of Endocrinology, American College of Gynecology, and the American College of Rheumatology (ACR). Further, learners were trained to critically analyze bone density images and results from various DXA centers, and evaluate their validity and clinical value. The inpatient consult service evolved to include consultation for osteoporosis patients. Osteoporosis was included as a key topic during interdisciplinary conferences with Physical Medicine and Rehabilitation (PM&R).
Curricular change-residency A metabolic bone disease rotation was further introduced into the internal medicine residency curriculum, born out of a combination of resources provided by rheumatology and endocrinology, whereby residents rotating in these specialties participated in inpatient FLS consults, outpatient osteoporosis clinics, and bone density interpretation. Osteoporosis management and DXA interpretation are now part of the roster of 3-h resident clinical workshop provided by rheumatology faculty and fellows. Orthopedic surgeons and PM&R residents are required to do a rheumatology rotation during their first year of training, allowing participation in FLS consults and osteoporosis clinics.
Community outreach Implementation of the FLS has served as a catalyst for educating the surrounding medical community. Starting in 2018, there has been an annual multi-disciplinary osteoporosis symposium showcasing different topics related to osteoporosis diagnosis and management and its relationship with other medical conditions. A wide variety of attendees have availed of these conferences including primary care and subspecialty physicians, nurse practitioners, physician assistants, pharmacists, nurses, and physical therapists.
Sustaining the change Annually, at the start of each academic year, collaborative practice conferences are held by Rheumatology faculty and fellows with Orthopedic Surgery, Family Medicine, General Medicine, and Hospitalist Medicine faculty/residents to give updates on the progress of the FLS. Fellows are asked to provide their experiences related to the initiation of an FLS consult, and the subsequent coordination of care involved to transition osteoporosis care from the acute inpatient setting to the outpatient clinic setting. Senior residents from orthopedic surgery serve as liaisons. There has also been an expansion of the number of rheumatology and endocrinology physicians and midlevel providers, justified partly by the establishment and growth of the FLS and the osteoporosis clinics. PDSA cycles are also done at each step.
Authenticating our role As of 2019, the Loma Linda University Medical Center's Executive Board gave recognition to the Division of Rheumatology for the establishment of a Center for Bone Health and Osteoporosis as a means to integrate research, clinical, and educational endeavors related to this field, likewise acknowledging the importance of the FLS. The International Osteoporosis Foundation is currently reviewing the LLUH FLS for certification.
Outcomes
Faculty, residents, fellows, and medical students continue to engage with outcomes projects related to care received by osteoporosis patients through FLS.
Clinical outcomes Health outcomes research continues with the help of residents, students, and fellows. Since the implementation of the FLS there has been an 8.6% increase in postfracture osteoporotic treatment within 1 year, increasing from 10 to 18.6%. The LLUH FLS has also improved post-fracture DXA rates, from 6.4 to 22.4% [17, 22] (Fig. 3 ). In conjunction with our Breast Oncology colleagues, postmenopausal women on aromatase inhibitor therapy were also recognized as a group of patients at risk for osteoporosis, and a preliminary study showed that 69% of these patients were osteoporotic [23] . Encouragingly, there was superior adherence to bone health guidelines for breast cancer patients on aromatase inhibitors. Ninety percent of these patients were already on an appropriate dose of calcium and vitamin D, 47% obtained DXA annually, and 63.6% of patients received antiosteoporotic medication [23] . These numbers exceed those stated prior as average bone health care of the postmenopausal woman.
A number of barriers to FLS implementation were also identified. Many patients entering the LLUH FLS database were following up with outside primary care providers. Because the LLU Medical Center is the only tertiary medical center in a large geographic region, many patients come from distant locales. LLUH also operates as a largely open healthcare system as compared to KP which has a closed s y s t e m , a
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Approximately half of patients coming in to the acute care setting have primary care providers outside of LLUH. Transitioning a patient to a set of providers outside the system and tracking if they received proper osteoporosis management became difficult. Since 2017, LLUH has embarked on an expansion of primary care departments and services (including Family Practice and General Medicine). Certain primary care providers have been identified as osteoporosis champions. It is hoped over time that there will be improvements in primary and specialty services identification of and care for patients who are at risk of having osteoporotic fractures in the future, ideally prior to developing the sentinel fracture event.
The impact of interaction with the FLS team on future behavior of health professionals and the sustainability of this behavior change is a question that is currently being investigated.
As of August 2018, the LLUH Division of Rheumatology started an FLS at Riverside University Health System (RUHS) (formerly Riverside County Regional Medical Center) where its rheumatology fellows also train. This has been started in collaboration with the RUHS Department of Orthopedic Surgery and follows a similar model of steps taken to effect change as described above.
Educational outcomes Daily interaction with a quality improvement project allows trainees to see first-hand the value in evaluating practice habits and working within a system to improve those habits with tangible effects on outcomes [24] . By contributing to the FLS team while on the inpatient rheumatology service, trainees satisfy many Accreditation Council of Graduate Medical Education (ACGME) milestones for all competencies of patient care, medical knowledge, systemsbased practice, practice-based learning and improvement, professionalism, and interpersonal communication. Being part of a sustainable quality improvement project allows trainees to Fig. 3 Osteoporotic treatment after fractures within 1 year of FLS implementtation was 18.6%, verus 10% prior. In addition, receiving a DXA scan after fracture prior to FLS implementation was 6.4% whereas the rate has increased to 22.4% after [17, 22] realize the large impact that working to improve the quality of care can make.
The FLS has generated scholarly work among residents and fellows, particularly in the area of health systems research, which have been presented at major meetings. Such work includes descriptions of our FLS model, improvements in DXA screening rates, and treatment initiation rates after the FLS was initiated [17, 22, 23, 25, 26] . We are in the process of linking the use of an FLS to improvements in practice habits and learning habits of trainees.
Out of five trainees who have engaged in FLS research, three have procured fellowship positions in Rheumatology, and one has secured a residency in Orthopedic Surgery. Workforce shortages are well documented in rheumatology and endocrinology. An FLS may be a way of engaging residents and students who have an interest in these fields and encouraging them to apply to fellowship positions.
Medical education perspectives and the FLS
Experiential learning is one of the key tenets by which trainees inculcate knowledge and skills. Kolb's learning cycle conceptualizes an experiential learning theory that Table 1 Components of cognitive apprenticeship and their applicability to learning processes adopted by the physician learning how to initiate/ maintain the FLS (physician FLS lead) and those adopted by trainees (medical students, residents, fellows) participating in the FLS [27, 28] . We would like to propose that the PDSA cycle echoes the essence of Kolb's learning cycle (Fig. 2) . "Concrete Experience" is the starting point of learning wherein a learner undergoes a learning event; this is followed by "Reflective Observation" where learners making sense of experience. While not neatly fitting into the concept, these first two steps in Kolb's cycle seemingly correspond to the "Plan" and "Do" steps in the PDSA cycle, where one plans the test or observation, including a plan for collecting data, and sets aside time to analyze the data and study the results, respectively. In "Abstract Conceptualization," learners extract what they have learned from an experience, form an opinion on its significance, and assimilate this into existing knowledge; this corresponds in a way to the "Study" aspect of the PDSA cycle where one sets aside time to analyze the data and studies the results. In "Active Experimentation," learners try out what they have learned in response to further experiences; this echoes the "Do" aspect of the PDSA cycle where a provider tries out the test on a small scale.
When taken at face value, the concept of the FLS as a medium for trainees to get hands-on learning, the FLS by itself represents a learning activity that is authentic and requires interaction within a socio-cultural context-this by itself embodies the definition of "situated cognition" or "situated learning" [29] . The osteoporosis care gap provides the context by which the FLS exerts its importance and requires a specific knowledge and skill set to address a problem. The FLS provides a long-term, practical experience for physicians and trainees to be able to participate in quality improvement within a socio-cultural context, and gain expertise via "cognitive apprenticeship." Management strategies in osteoporosis and understanding what is and what makes an FLS work provide the domain knowledge (subject matter, specific procedures) while the steps in initiating and maintaining a successful FLS provide exploratory strategies for this cognitive apprenticeship environment [30] .
In the traditional sense, apprenticeship is an instructional model whereby an apprentice learns an observable task or skill under the guidance of a master craftsperson. In contrast, under cognitive apprenticeship, while the task or skill itself is still observable, the emphasis is on the thinking process associated with learning the task or skill. Cognitive apprenticeship has six main components: modelling, coaching, scaffolding, articulation, reflection, and exploration [30, 31] . All of these are defined and described in the context of the FLS in Table 1 . Because learning is a lifelong process, the physician lead who established the FLS also went through the same process of cognitive apprenticeship, although in a broader and less structured scale by obtaining mentorship from faculty from other institutions.
Conclusion
The FLS has been a model for trainees of care elevation through quality improvement while addressing a local and national problem. By having trainees learn about osteoporosis through the FLS, trainees are able to extract concrete learning and experience via a blended educational process via Kolb's learning cycle and a quality improvement process via a PDSA cycle. The FLS also enhances tenets of cognitive apprenticeship not only for residents and students but for faculty as well through all six tenets including modeling and coaching. Overall, the FLS is a superb model for not only a quality improvement project that works to improve a care gap, but also one that incorporates education at multiple levels, meeting multiple competencies.
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